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F ractures of the distal radius are the most common fracture in childhood 1 and a frequent reason for visits to the emergency department. 2 Although such fractures are often angulated at the time of injury, physicians often accept those with minimal angulation (≤ 15°) because of the unique capacity of skeletally immature bones in children to heal through remodelling. [3] [4] [5] These minimally angulated fractures generally do not require reduction, have an excellent long-term prognosis and rarely result in complications such as malunion or deformity. 3, 5, 6 The mainstay of treatment for these fractures has been the use of a short arm cast for four to six weeks and several follow-up visits to an orthopedic surgeon. 3, 5 However, a cast complicates hygiene for a child, and there may be risks that result from a poor fit. 7 The noise from a cast saw and fear of its use, as well as discomfort of the cast are among the most common negative aspects from a child's perspective. 8−10 Finally, there is the need for specialized resources for application and removal of the cast. Preliminary evidence from studies involving adults 11, 12 and studies of stable buckle fractures of the distal radius [13] [14] [15] [16] suggest that splinting offers a safe alternative. However, this approach needs to be compared with the traditional use of casting in children who have minimally angulated and potentially unstable fractures of the distal radius before it can be recommended for clinical practice.
We conducted a noninferiority randomized controlled trial to determine whether a prefabricated wrist splint was as effective as routine casting in the recovery of physical function at six weeks in children who had a minimally angulated greenstick or transverse fracture of the distal radius. We also compared fracture angulation, range of motion, grip strength, complications and level of satisfaction.
Methods

Study patients Enrolment occurred from April 2007 to September 2009 at
The Hospital for Sick Children, a tertiary care pediatric centre that serves the Greater Toronto Area (population of about 5.5 million) in the province of Ontario. Children were eligible if they were between 5 and 12 years of age, had open growth plates and presented to the emergency department with a minimally angulated or a minimally displaced acute greenstick or transverse fracture of the metaphyseal portion of the distal radius (see radio graphs in Appendix 1, available at www .cmaj .ca /cgi /content /full /cmaj .100119 /DC1 Background: Minimally angulated fractures of the distal radius are common in children and have excellent outcomes. We conducted a randomized controlled trial to determine whether the use of a prefabricated splint is as effective as a cast in the recovery of physical function.
Methods:
We included 96 children 5 to 12 years of age who were treated for a minimally angulated (≤ 15°) greenstick or transverse fracture of the wrist between April 2007 and September 2009 at a tertiary care pediatric hospital. Participants were randomly assigned to receive either a prefabricated wrist splint or a short arm cast for four weeks. The primary outcome was physical function at six weeks, measured using the performance version of the Activities Scale for Kids. Additional outcomes included the degree of angulation, range of motion, grip strength and complications.
Results:
Of the 96 children, 46 received a splint and 50 a cast. The mean Activities Scale for Kids score at six weeks was 92.8 in the splint group and 91.4 in the cast group (difference 1.44, 95% confidence interval [CI] −1.75 to 4.62). Thus, the null hypothesis that the splint is less effective by at least seven points was rejected. The betweengroup difference in angulation at four weeks was not statistically significant (9.85° in the splint group and 8.20°in the cast group; mean difference 1.65°, 95% CI −1.82°to 5.11°), nor was the between-group differences in range of motion, grip strength and complications.
Interpretation: In children with minimally angulated fractures of the distal radius, use of a splint was as effective as a cast with respect to the recovery of physical function. In addition, the devices were comparable in terms of the maintenance of fracture stability and the occurrence of complications. (ClinicalTrials.gov trial register no. NCT00610220.) definition of minimal angulation was a fracture with angulation of 15°or less in the sagittal plane of the radio graph. [3] [4] [5] Minimal displacement was defined as translational displacement of 5 mm or less on the frontal plane. 3, 4 We excluded patients whose injuries were older than five days and those who had a buckle (torus), growth-plate or open fracture. We also excluded children at risk of pathologic fractures, those with congenital anomalies of the wrists, coagulopathies, multisystem trauma or multiple injuries to the same limb, and those with developmental delay. A record of patients missed was kept to assess for enrolment bias.
The study design was approved by The Hospital for Sick Children's Research Ethics Board.
Recruitment and baseline assessment
The research assistants were certified cast technicians trained to identify eligible children. The triage nurses in the emergency department alerted the research assistants about all children with wrist injuries daily between 8 am and 11 pm. The children and their respective radio graphs were assessed by a pediatric emergency physician and the radiologist on call. When a child met the eligibility criteria, informed consent and relevant assent was obtained.
Demographic and clinical data were collected for each participant. To determine their physical function during the week before the injury, the children were asked to complete the performance version of the Activities Scale for Kids (see the section "Outcome measures" for details), with assistance from their parents as needed.
17-20
Randomization
Recruited patients were randomly assigned to receive either a short arm cast made out of fibreglass or a prefabricated wrist splint (W-312 Pediatric Thermoplastic Wrist Support, Benik Corporation, Silverdale, USA). Concealed allocation of treatment was provided by an online program (www.randomize .net) using block randomization with random block sizes of three and six.
Study interventions
A research cast technician placed either the fibreglass cast or the splint. The participants wore the immobilization device for four weeks and were advised to avoid activities that could re-injure the wrist for a further two weeks. Children in the splint group were instructed to always wear the splint except for removal as needed for hygienic reasons. Apart from specific instructions regarding care of the cast or the splint, both study groups received identical instructions. All participants attended the fracture clinic at the study hospital at one and four weeks after the injury. At each of these visits, a radiograph of the wrist was obtained and examined by a staff orthopedic surgeon who was unaware of the treatment allocation. The families were asked to complete a clinical diary to record weekly pain scores and compliance with the splint if applicable. All immobilization devices were removed at four weeks at the fracture clinic.
All radiographs were first read as per routine clinical care. To ensure consistency and accuracy of initial diagnoses, a pediatric musculoskeletal radiologist
Lost to follow-up n = 1
• Unable to contact family to schedule follow up of primary outcome
Stopped intervention n = 1
• Splint placed at 1 week because of cast breakage/discomfort
Lost to follow-up n = 3
• Unable to contact family to schedule follow-up of primary outcome
• Cast placed at 1 week because of rash from splint
Excluded n = 4
• Did not receive splint: -angulation of transverse fracture > 25° n = 2 -Salter-Harris II fracture of distal radius n = 2
Completed study n = 43 Received cast n = 50
Received splint n = 46
Figure 1: Recruitment of study patients. *Numbers total more than 522 because some children had more than one exclusion criterion. R = randomization.
(P.B.), who was unaware of the treatment allocation, reviewed the radiographs obtained at baseline and at one and four weeks after injury. Any differences of opinion between this review and the initial diagnoses were resolved by consensus between the collaborating orthopedic surgeon (A.H.) and radiologist (P.B.). Six weeks after the injury, patients were visited at home by a research physiotherapist unaware of the treatment allocation. To preserve blinding, families were instructed not to reveal which immobilization device had been used, and patients were provided with an opaque stocking that was placed over the affected arm before the physiotherapist's assessment to hide any indications of which device had been used. At this visit, children completed the performance version of the Activities Scale for Kids with the physiotherapist without assistance from family members, and the therapist measured grip strength and range of motion of the wrist. Parents completed the clinical diary and were asked to report any complications, level of satisfaction and preferences related to the immobilization device. Three months after the injury, parents were telephoned by a research assistant unaware of treatment allocation to assess recovery and any subsequent complications.
Outcome measures
The primary outcome measure was physical function at six weeks, measured with the performance version of the Activities Scale for Kids. [17] [18] [19] [20] Physical function was chosen as the primary outcome because it provides clinically meaningful information to families and physicians. Although other outcomes such as angulation and range of motion are also important, their significance rests mostly on the impact they have on physical function and thus were considered as secondary outcomes.
The performance version of the Activities Scale for Kids is used to assess a child's current physical function based on activities performed during the week before completing the questionnaire. 17 The questionnaire has 30 items related to clinicians' and children's perspectives on pediatric daily activities and 8 additional questions related more specifically to activity of the wrist. This modified scale has been used in another trial assessing wrist function after fracture. 15 The scale has been found to be highly reliable, 19, 20 have excellent construct validity and be responsive to change. [17] [18] [19] [20] It has been validated in populations of children 5 to 15 years old with fractures and other musculoskeletal problems. 17 Secondary outcome measures included fracture angulation, measured at weeks 1 and 4; wrist pain, measured at weeks 1, 4 and 6 with the use of the Faces Pain Scale -Revised; 21, 22 weekly use of the splint, if applicable, measured on a Likert scale; range of motion, measured at week 6 with a goniometer; 23, 24 grip strength, measured at week 6 with a dynamometer; and patient preference for their device, measured at week 6.
Statistical analysis
All analyses were by intention to treat. The sample size was based on the primary outcome and determined using methods appropriate for noninferiority trials. [25] [26] [27] The minimum required sample of 76 patients was based on testing the null hypothesis that the splint is less effective than a cast by at least seven points on the Activities Scale for Kidsperformance score at six weeks, at the 2.5% level, with an 80% probability of rejecting the null hypothesis if the splint and cast were equally effective. We chose a seven-point difference in effectiveness because it is approximately the difference in average scores between patients with normal ability and those considered to be mildly disabled on the performance version of the Activities Scale for Kids. 28 In addition, the sample size was inflated by 20% to account for dropouts, crossovers and patients lost to follow-up. The null hypothesis, based on the Activities Scale for Kids scores at week six, was tested by a t test for a non-zero difference. For the other clinical outcomes, traditional zero null hypotheses were tested. Proportions were compared with the Fisher exact test. Pain scores and angulation were compared with the Student t test. Analysis of covariance was used to compare grip strength and range of motion, where the covariate was the corresponding measure on the unaffected wrist. We used the Cochrane test for trend to compare treatment arms with respect to the ordered categoric outcome of patient satisfaction.
Results
During the study period, 622 children with a wrist injury were seen in the emergency department. Of the 100 children randomly assigned to the treatment groups (50 in each group), 4 assigned to the splint group were removed from the study because of diagnostic errors (Figure 1 ). Baseline characteristics are summarized in Table 1 .
Follow-up of the primary outcome at six weeks was completed in 92 (96%) of the 96 children. Blinding was assessed at this visit, and for 90 of the 92 patients the physiotherapist Note: SD = standard deviation. *Measured using the performance version of the Activities Scale for Kids.
could not ascertain which immobilization device had been used. All of the parents completed the clinical diary at one and four weeks; 92 (96%) completed the diary at six weeks and were successfully contacted at three months. The parents of the four patients lost to follow-up during the six-week study period were contacted by phone at the final three-month follow-up; they, like the parents of the other children contacted at this time, reported no pain or additional complications and a full resumption of their child's usual activities.
Physical function
The between-group difference in mean scores for the performance version of the Activities Scale for Kids was 1.44 (95% confidence interval [CI] -1.75 to 4.62) ( Table 2) . Thus, the null (inferiority) hypothesis that the splint is less effective than the cast by at least seven points was rejected with a p value of less than 0.0001. The between-group differences in range of motion, grip strength and pain did not differ significantly at any of the respective time points (Table 2) .
Angulation
The mean fracture angulation did not differ significantly between the two groups at one and four weeks ( Table 2 ). Six children (three in each group) had to wear the immobilization device for six weeks because their fracture angulation had progressed to 25° at the four-week visit. None of the patients had a clinical deformity at the four-week visit, and none required a surgical intervention at any point in the three-month follow-up period.
Complications
Three of the 50 children in the cast group had to return to the fracture clinic within the first week to have the cast replaced because of cast breakage. Of these, one received a splint at one week because of cast discomfort. In the splint group, one child had a rash on the forearm from the splint and received a cast at one week. None of the participants experienced serious adverse reactions. Several children in both groups described irritation, itching and discomfort from the device (Table 3) ; the differences were not statistically significant between the treatment groups.
Although patients in the splint group were instructed to remove the splint only as needed for hygiene, in the first week 94% of the patients used the splint "always," 4% "often" and 2% "sometimes." By week four, 57% of the patients wore the splint "always," 33% "often" and 9.5% "sometimes." According to reports from the parents and children, removal of the splint occurred almost exclusively for hygiene or because of irritation.
Patient and parent satisfaction and preference
At six weeks, all of the parents in both groups reported that they were satisfied with the appearance of the wrist; 18 (43%) of 42 in the splint group and 20 (43%) of 47 in the cast group were "completely" satisfied (p = 0.52). Of the children assigned to the splint group, 12% reported that they would have preferred a cast, as compared with 68% of the children assigned to cast group who reported a preference for a splint (p < 0.001). Likewise, 5% of the parents of children assigned to the splint group reported that they would have preferred a cast, as compared with 60% of the parents of children in the cast group who would have preferred the splint (p < 0.001).
Interpretation
Our study showed that use of a prefabricated splint was as effective as a short arm cast in children with minimally angulated greenstick or transverse fractures of the distal radius with respect to recovery of physical function. In addition, the groups did not differ significantly with regard to the maintenance of fracture stability and the occurrence of complications, and the splint was superior to the cast in terms of parental and patient satisfaction and preferences. Inherent benefits of a prefabricated splint include easier hygiene, less discomfort and anxiety associated with the use of a cast saw, 8−10 less discomfort with use of the splint, and easy application and removal. Thus, evidence from this research combined with the advantages of the splint support the use of this device in the treatment of these fractures.
The use of splinting instead of casting has been previously established for buckle fractures of the distal radius in children [13] [14] [15] [16] and Colles fractures in adults. 11, 12 Our results contribute to the growing body of evidence that splinting is a suitable alternative to casting for specific fractures of the distal radius. Although we included children with fractures that were less stable than buckle fractures, both groups in our study had normal physical function, normal range of motion and no clinical deformity after treatment.
The lack of serious complications in our study is consistent with what has been reported for minimally angulated fractures of the distal radius in children. 3, 4, 6 The safe use of a splint for fractures with an excellent long-term prognosis has implications for management of these injuries. Given that the splint can be applied or taken off easily by any health care provider and does not require the specialized services of an orthopedic technologist or surgeon allows for definitive treatment of these injuries during the first patient encounter in an emergency department or urgent care clinic rather than during a separate visit at a fracture clinic. The splint obviates the technical challenges and associated potential complications 7, 29 that may be an issue with those less skilled in the placement of casts. Further, the rarity of complications that require surgical intervention 3, 4, 6 for either immobilization device minimizes the need for what is often weekly follow-up with an orthopedic surgeon.
1,3
Limitations
Our study has limitations. The sample size was determined based on power considerations for the primary outcome of recovery of physical function at six weeks. Therefore, the trial may have lacked power to detect important differences with respect to the other outcomes. A larger sample may have also identified the occurrence of rarer adverse events. Because families were aware of treatment allocation, this may have introduced bias in the measurement of our outcomes. It is uncertain whether the high rate of compliance with the splint during the four weeks of treatment reflected the increased vigilance that patients received during the study. Finally, even though this study was conducted at a centre where physicians have expertise in diagnosing fracture types, four patients were removed from the study because of diagnostic errors. Physician error in assessing whether a splint is suitable for fracture management may occur with greater frequency in less specialized centres, limiting the generalizability of our results.
Conclusion
In children with minimally angulated greenstick or transverse fractures of the distal radius, use of a prefabricated splint was as effective as a short arm cast with respect to recovery of physical function. In addition, the devices did not differ significantly with regard to the maintenance of fracture stability and the occurrence of complications, and the splint was superior to the cast in terms of parental and patient satisfaction and preferences.
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